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[5 7] o ABSTRACT

- An optical reader with a reading head including first

optical fibers for transmitting light beams from an emit-
ter to emit light beams from their first ends to irradiate
corresponding illumination spots on a medium, and

~ further including second optical fibers having first ends

which are located adjacent to the first ends of the re-
spective first optical fibers and which receive the beams
reflected from corresponding reflection spots on the

“medium, for transmitting the reflected beams to a light-

sensitive device. The first and second optical fibers
constitute plural reading units, and their first ends con-
stitute their image-reading portions. The light-sensitive
device produces a signal indicating a light reflectance in
an overlapping spot where the illumination spot over-
laps the reflection spot. The image-reading portions are
spaced apart at a pitch sufficient to prevent the illumina-

‘tion spot of one of the reading units from overlapping
the reflection spot of the adjacent reading unit. The

reading head and the medium are moved relative to

~ each other to move the overlapping spot to read the
images on the medium. The light emitter and light-sensi-

tive device are controlled so as to read each reading
spot each time the moving overlapping spot is aligned

- with the reading spot. o

18 Claims, 18 Drawing Figures




s 4652743

Sheet 1 of 14

o : U,S.Patent - Mar. 24, 1987




4,652,143

Sheet 2 of 14




4652743

- Sheet3of 14

- U.S. Patent Mar. 24, 1987




‘U.S. Patent  Mar. 24, 1987 - Sheet 4 of 14 4,652,743 .




- U.S.Patent Mar. 24, 1987 SheetS of 14

| o
' i ik
PHOTOELECTRIC - > -
DETECTOR O Wl |
| z ™
N S -
PHOTOELECTRIC ol
DETECTOR g r
- | a | | w
N v
| FEED ROLLER ' o
~ |ROLLER DRIVE > | 33 |z
| FEED ROLLER o —30 =
~ |ROLLERS DRIVE 2
o 11a' | ' O

ROLLER | |
DRIVE l N
ENCODER L _.._..._.........T |

MOTOR

DRIVER
CIRCUIT

- 23-LHEAD RECIPRO _
CATING MOTOR




4,652,743

Sheet 6 of 14

. FIG 58 ﬁ
N

 U.S.Patent Mar.24, 1987

\

15,

lllllllllllllllllllllllllllllllllllllllllllllll J
]
_
o
:
|
— .
| O
| N
1/
. Tt\
|
. ol N
T e e e e e T e penlipsadiamiriisiypieiiauicsipdeipiinping gy iy ISpuIE=EEEI———————ER -
T R
| |
I _
- '
N _
_ “ |
.
| "
N 1
| o
_ R
1= “
e |
N R —
—0
B = T o [ o I = R o . . N S, - S |
S | B | | I“ |
— -
= “
|
g
i
| 1
_r o o r 1



. US. Pat ent Mar. 24; 1987  Sheet7 of 14 4,652,743 '

T2

L _-_a’

T11

i . D12
' D11-*ﬂj Mn

= By

FIG.8

V13
o V12
. V9V10
va'

v -
-II 1L
1

2 3 4--5 6 7 8 9 10 1 12 13___'
- CALIBRATION. ‘QUANTITATIVE DATA Gn

"'OUT'PUT.'LEVEL'- OF AMPLIFIER Ai




4,652,743

‘Sheet 8 of 14

T~ | Cooay Gl 1S €y & .

mcw_. sup : 15\ ny o sl
B I ¥ S ¢ L SR A

~ U.S.Patent Mar. 24,1987



U.S. Patent . Mar. 24, 1987 ; Sheet 9 of 14 4 652 743

s F/G .9

| CONTROLLING DEMULTIPLEXER 34 TO PERMIT
| OUTPUT OF D/A CONVERTER 33 TO BE
APPLIED TO CONTROL CIRCUIT GIf

| APPLYING QUANT(TATIVE DATA G1 TO D/A
CONVERTER 33

'RECEIVING OUTPUT OF COMPARATOR Ci

ggNsTAR(%éLg\é% @%Mgb?gb?x 1| | APPLYING NEXT QUANTITATIVE
4 T | DATA Gn TO D/A COVERTER
OF D/A CONVERTER 33 70 | | | 33 " VERT

| BE APPLIED TO NEXT
| CONTROL CIRCUIT Gij

0 CHECKING IF THE OUTPUT
IS LOWER THAN A

REFERENCE LEVEL

STORING CURRENTLY ACTIVE | gg

QUANTITATIVE DATA Gn IN
- RAM 31 - _




~ U.S.Patent Mar.24,1987  Sheet10of14 4,652,743 |

FIG, 0 -
- Dn D12 D13 Dm - D15 Dz1 .
(a)&90090Q99®0®®@®®®®®@@*m
'SP

- D11 ) D12 ~D13. D14 D15 D 21 '
§e L) OPNN O 0

(b)oooe@qug@m@ww@@m®@@@~*
g _ -
) PO ——

. D14 D15 _ .
@ﬁ‘}@@.@®® _
. s ' D1 D13 D14 ~Dre D21 _
e)099990000@@@@@@@@®@@@““~

(d) —

o D11 ) D12" E D13 D15 D 21 N
C @ @ ( () ()

<f>o@eeeeoee®mgmm®®m®@®@w—




© US.Patent Man24,1987  Sheetllof14 4,652,743




 US. Patent Mar. 24,1987  Sheet 12 of 14 4,652,743 R

reey

e s e i

46 I

G2 | 52“;55 "

80




Sheet 13 of 14 4,652,743

- U.S. Patent Mar. 24, 1987

i~

R

qm

9%

b

by

- 09

86

Iy N

F

/|

v

hy

08

WA NI /
ALY

h%\mub?/
86

20l

o8
o\ 25

- - 9ld _

T T
8s 108 85108 89

NN NN
h"l'/lﬁ, . hr,l,'//.'/ . 4

\. [zo1 - /Z01 .
. 9% 95 96 96 96

of % -
- s194

e, '-'
%

o og L
| /. V_ ' - / N
7% N XD

o \ [ zol
v O v B

[1yg [
om..m .F

08 _ _
&

/>



~ U.S.Patent Mar24,1987  Sheet14of14 4,652,743




4 652 743

- 1
OPTICAL IMAGE-READING APPARATUS |

BACKGROUND OF THE INVENTION B

1. Field of the Art
The present invention relates gcnerally to an Optlcal

reading apparatus for photoelectrically reading images

| ~ on a recording medium, and more particularly to an
- optical reader of the type in which a beam of light

~ emitted from a light emitter is transmitted through a

2
mcreased nurnber of the optical fibers required, which
requires an accordingly increased number of light-emit-

~ ting elements and light-sensitive elements. This also

10

light-emitting optical fiber and emitted therefrom to

" irradiate a reading spot on the surface of the recording
- medium, and the light beam reflected from the medium
~surface is transmitted through a light-receiving 0ptlcal
~fiber to a light-sensitive element, an output of which is

~ processed to provide an electric signal indicative of a

2. Related Art Statement

15

. reflectance of light in the reading spot on the medium.

~ One of the inventors named in the present application

“collaborated with another person to develop an optical
reading apparatus of the above-indicated type, which is

- disclosed in U.S. patent application Ser. No. 726,314

which was filed Apr. 23, 1985 and was owned by the

T assignee of the present application at the time the pres-

ent invention was made. In the disclosed optical reading
~ apparatus, each reading unit is constituted by one light-

- . emitting optical fiber and one light-receiving optical
. fiber. These two optical fibers are fixed on a reading
-~ head such that their ends positioned opposite to the
- surface of a recording medium are disposed adjacent to

- each other. For improved reading efficiency, the read-
‘ing head has a plurality of such reading units. To assure

- an-accurate reading of an image with a high resolution,

-the image-reading portions of those reading units oppo-

~ site to the medium surface are spaced apart from each

other at a pitch as small as posmble |
In such an optical reader, it is required to read only a

- reading spot which is an overlapping area wherein an

- illumination spot irradiated by a light beam emitted

- from a light-emitting optical fiber overlaps a reflection

spot within which a light beam reflected by the medium

= “can be received by a light-receiving optical fiber.
. Namely, only the light beam reflected from the overlap-

ping area (reading spot) should be received by the light-
‘receiving optical fiber, in order to improve the reading

~ resolution. In the optical reader as discussed above,

- however, it is inevitable that the reflection spot of a
- given light-receiving optical fiber overlaps the illumina-
tion spots of two or more light-emitting optical fibers.
Therefore, if light beams are emitted from these plural
light-emitting optical fibers at the same time, the light-

- receiving optical fiber in question receives light beams

" which is reflected from areas outside the corresponding
- reading spot. This leads to noises of an electric output of
the reader, degrading its accuracy of reading. In view

- of this inconvenience, it is proposed to activate light-

- emitting elements corresponding to the light-emitting
‘optical fibers, in a specially determined order as sug-
. gested in the above-identified U.S. Patent Application.

However, this proposal requires a complicated control

: system, which inherently pushes up the cost of manu-
~ facture of the Optlcal reading apparatus.
- Further, a minimum pitch of the reading spots in the

- above apparatus is limited by diameters of a light-emit-

ting optical fiber and the corresponding light-receiving

¢ optical fiber. To reduce the pitch, the reading head must

‘use optical fibers having a reduced diameter. A reduc-

~ tion in diameter of the optical fibers used means an

20 .

results in an increase in the cost of manufacture of the
reading apparatus. In addition, the optical fibers have
their minimum diameter permlsmble for their mtended
function. |

In the 0pt1cal readmg apparatus indicated above, the |
reading head is fed in an intermittent fashion. More
specifically, the reading head reads all reading spots
corresponding to the image-reading portions of all read-

ing units on the reading head while the reading head is
stopped at a given point on the medium. That is, the

reading head is fed by a predetermined increment after
the reading spots opposite to all image-reading portions

“have been read. In this connection, it will be understood

that it is difficult to assure exact positioning of the read-
ing head while permitting a high feed rate of the reading
head. In this arrangement, therefore, it is 1mp0551ble to
increase the reading efﬁcxency

If 1t is desired to effect an image reading operation by
using a reading head which covers a substantially entire -

~width of a recording medium, the reading head must be

25

30

35

equipped with a large number of reading units, that is, a

- large number of light-emitting elements, light-sensitive
- elements and control circuits therefor.

1In the above case, the reading head requires a compli-

-~ cated structure for supporting the light-emitting and

light-receiving optical fibers in a suitably fixed manner.
Hence, the manufacturing cost is increased.

~ SUMMARY OF THE INVENTION

It is an object of the present invention to provide an-
optical reader permitting an improved level of reading

- resolution with a simple control, wherein a light-receiv-

ing optical fiber of each reading unit is adapted to re-

ceive a light beam which is emitted from only the corre-

sponding light-emitting optical fiber and which is re-
flected from the surface of a recordmg medium.

- Another object of the invention is the prowsmn of an
optical reader which is capable of reading 1 images on the

. recording medium while its reading head 1s moved

45

continuously relative to the medium.
A further object of the invention is to provide an

~ optical reader which permits reading of a large number
- of reading spots, by using a comparatively small number

50

of light-sensitive elements, each of which is assigned to

receive reflected light beams from a plurality of light-

receiving optical fibers.
A still further object of the mventlon is the provision
of an optical reader with a reading head which has a

- relatively small number of reading units, but is able to

35

cover a substantially entire width of a recording me-
dium, and assure a comparatively high level of rcadmg

resolution. |
An additional object of the mvention is the provmon

of an optical reader having a reading head which is
- simple in construction and economical to manufacture.

65

Another object of the invention is to provide an opti-
cal reader which is simple in its control arrangement to

‘control the activation of the light-emitting elements and

to process electric signals from the light-sensitive ele-
ments, and which is economical {0 manufacture.
Yet another object of the invention 1s to provide an

- optical reader which has means for automatlca]ly ad-

justing a reading head in order to obtain image reading

- signals of the same level from all of the reading units



3
when their image-reading portions receive light beams
reflected from an area of a recording medium having
the same reflectance of light.

According to the invention, there i1s provided an
optical reader for photoelectrically reading images on a
surface of a recording medium, comprising a medium
support for supporting the recording medium, a reading
head, driving means for moving the reading head and
the recording medium relative to each other, and con-

trol means for controlling the operation of the reading
head and the dniving means. The reading head includes:

(a) at least one light-emitting element, (b) at least one
light-sensitive element, (c) a plurality of light-emitting
~ optical fibers for transmitting beams of light from the at

10

least one light-emitting element to emit the beams of 15

light from their first ends to irradiate corresponding
illumination spots on the surface of the recording me-
dium, each of the first ends having a predetermined
angle of radiation of light, and (d) a plurality of lLight-
receiving optical fibers having first ends located adja-
cent to the first ends of the respective light-emitting
optical fibers. The first ends of the light-receiving opti-

cal fibers have a predetermined angle of incidence of

light and receiving the beams of light reflected from
corresponding reflection spots on the surface of the
recording medium. The light-receiving optical fibers
transmits the reflected light beams to the at least one

- .light-sensitive element. The light-emitting optical fibers

-and the light-receiving optical fibers cooperate to con-

20

25

.stitute a plurality of reading units, and the first ends of 30

- the hght-emitting and light-receiving optical fibers co-
operate to consitute a plurality of image-reading por-
_tions. The at least one light-sensitive element produces

an electric signal representative of a reflectance of light

1n an overlapping spot in which the illumination spot of 35

each of the reading units overlaps the reflection spot of
the same reading unit. The image-reading portions of

‘the reading units are spaced apart from each other along
-a straight line at a predetermined pitch sufficient to
-prevent the illumination spot of one of the reading units

"~ ‘from overlapping the reflection spot of the reading unit

adjacent to the above-indicated one reading unit. The
driving means moves the reading head and the record-
ing medium relative to each other so that a substantially
entire area on the medium along the line of relative
movemente 1s covered by the overlapping spot. The
control means controls the at least one light-emitting
element and the at least one light-sensitive element, to
read each of reading spots on the recording medium

40

45

each time the overlapping spot is aligned with one of 50

the reading spots.

In the optical reader of the invention constructed as
described above, the number of the reading units of the
reading head is significantly reduced because the image-
reading portions are not disposed in close proximity to
each other, that is, the image-reading portions are
spaced apart from each other at a pitch sufficient to
prevent the illumination spot of one of the reading units
from overlapping the reflection spot of the adjacent
reading unit. Accordingly, the cost of the reading head
may be reduced. Further, the pitch of the image-reading
portions permits an improved image reading accuracy
of the reading head.

In addition, the optical reader of the present inven-
tion permits the reading head to read the reading spots
at a very small pitch, which may be smaller than the size
of the overlapping spot of each reading unit. More
specifically, the reading pitch is determined by a read-

35

65
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ing time interval and a rate of feed of the reading head
in the reading direction relative to the recording me-
dium. This 1s not possible in the arrangement of the
previously identified U.S. Patent Application wherein
the reading pitch 1s determined and fixed by a pitch of
the adjacent image-reading portions, and can not be
smaller than the overlapping spot of each image-reading
portion.

According to one advantageous embodiment of the

invention, the driving means comprises a first feeding
device for moving the recording medium along a first

axis, and a second feeding device for moving the read-
ing head along a second axis perpendicular to the
above-indicated one axis. The image-reading portions
are spaced apart from each other along the second axis.
However, the principle of the present invention may
be practiced even if the image-reading portions are
disposed in spaced-apart relation along the first axis.
In one preferred arrangement of the above embodi-
ment wherein the image-reading portions are disposed
along the second axis, the first ends of the light-emitting
and light-receiving optical fibers of each of the reading
units are disposed in a direction parallel to the second
axis. The predetermined pitch of the image-reading
portions of the reading head is selected to be greater
than a value g determined by the following formula:

=2r4-2Man (a/2)

where,

r: diameter of the light-emitting and light-receiving

optical fibers

I: distance between the first ends of the optical fibers

and the surface of the recording medium

a: the angle of radiation or incidence of light of the

first ends of the optical fibers.

In an alternative arrangement of the above embodi-
ment, the first ends of the light-emitting and light-
receiving optical fibers of each of the reading units are
disposed in a direction paralle] to the first axis along
which the recording medium is moved. The predeter-
mined pitch of the image-reading portions of the read-
ing head is selected to be greater than a value q deter-
mined by the following formula:

g=\N[r+ 2 tan (@/2)f — 7

In the above arrangement, the pitch of the image- .
reading portions may be made smaller than in the pre-
ceding arrangement.

According to a further preferred arrangement of the
same embodiment, the second feeding device moves the
reading head at a constant rate over at least a predeter-
mined distance along the second axis. The at least one
light-emitting element consists of a plurality of light-
emitting elements which are positioned opposite to
second ends of the corresponding light-emitting optical
fibers which have the first ends opposite to the surface
of the recording medium. The at least one light-sensi-
tive element consists of a single light-sensitive element
which is positioned opposite to second ends of all of the
light-recelving optical fibers which have the first ends
opposite to the surface of the recording medium. The
predetermined pitch of the image-reading portions of
the reading head is determined by the following for-
mula:
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~prises: a control circuit for selectively activating the

a: number of the overlapping spots which is formed

by each image-reading portion while the reading
head is moved over the predetermined distance

- 1/N: size of the overlapping spot along the second
axis (N=number of the overlapping 5pots per unit
- distance) -

| - - x:number of the hght-recewmg 0ptlcal ﬁbers oppo-

- site to the single light-sensitive element
" In this instance, one of the image-reading portions of the

- reading head reads one of the reading spots sequentially
- each time the readmg head is moved by a distance of
- . 1/xN. |

~In the above arrangement, one of the image-reading

o - portions is aligned with one of the reading spots each

- time the reading head is moved by a distance equal to
~ the pitch of the image-reading portions. Therefore, the

- successive reading spots are read by the image-reading

portions while the rcadmg head is moved at a constant
rate.

" In one form of the above preferred arrangement the

reading head may comprlse a plurality of groups of the
reading units each unit having the single light-sensitive

;element opposite to the second ends of the hght-recew- |

~ ing optical fibers. These groups of reading units are
- disposed along the second axis. The corresponding

-’ image-reading portions of the groups of reading units
- read the respective reading spots each time the reading
" head i1s moved by the distance of 1/xN.

20 the control circuit to activate said each light-emitting

5

~ ligt-emitting elements and controlling an amount of the

light beams emitted by the light-emitting elements; first
commanding means for storing plural sets of quantita-

tive data representative of different input levels of each

of the light-emitting elements, the first commanding

- means applying the sets of quantitative data one after

10

15

another to the control circutt; judging means for detect-

ing a variation in an output level of the at least one
light-sensitive element, due to change in the input level
of said each light-emitting element, and for determining
whether the output level of the at least one light-sensi-

tive element has reached a predetermined reference

value; memory means for storing the quantitative data

of said each light-emitting element which is applied to-

~ the control circuit when the output level of the corre-

sponding light-sensitive element has reached the refer-
ence value; and second commanding means for apply-
ing the quantitative data stored in the memory means, to

element based on the stored quantitative data, upon

25

reading of the reading spots. In this case, the paper

holder may preferably be made of a metallic material.
~ In the above arrangement, the input levels of the
light-emitting elements, and consequently amounts of
light emitted therefrom may be automatically adjusted

- to permit the light-sensitive means to provide the same

30

In another form of the above arrangement, the sec-

S ond feeding device may comprise: a carrier supporting
" the reading head and movable along the second axis; a

~ cam rotatably supported by a stationary member; a

- drive motor for rotating the cam; and a cam follower

-+ attached to the carrier and movable with the carrier.

- - - The cam has a profile which enables the carrier to effect

~wv o reciprocating motions including a motion of the prede-
o - termined distance at the constant rate. -

=i In the above form of the invention, the control means

- s may comprise: a rotary disk rotatable with the cam and

- i having a plurality of slits which are formed in spaced-

- apart relation with each other in a circumferential direc-

- tion of the rotary disk; and a photoelectric sensor dis-

posed in the proximity of the rotary disk and producing

~ atiming signal when each of the slits passes the photoe-
~ lectric sensor during rotation of the rotary disk. The
 control means controls the operations of the plurality of
- llght-emlttlng elements and the single light-emitting
element, in response to the timing signal. In this case,

~the control means may be adapted to activate selec-
~ tively the plurality of light-emitting elements to emit the

beams of light when the mage—readmg portions of the
corresponding reading units are positioned opposite to
the respective reading spots on the recording medium.
- The control means holds the single llght-sensmve ele-
- ment 1in 1ts operative position. |

Accoording to a still further preferred arrangement

o ~ of the above embodiment, the at least one light-emitting

- element consists of a plurality of light-emitting elements
which are positioned opposite to second ends. of the

-~ corresponding light-emitting optical fibers which have

the first ends opposite to the surface of the recording
medium. The medium support comprises a paper holder
which has a length along the second axis, sufficient to
- cover all of the image-reading portions of the reading

reflectance of light. In this case, the control means com-

level of output for all of the image-reading portions

- when the image-reading portions read areas of the me-
dium having the same reflectance of light. For accom-

plishing this adjustment, the optical reader is operated

- without a recording medium placed on a medium
- holder in the form of the paper holder. This medium

335

holder has a medium supporting surface having a prede-

- termined reflectance of light. Since the medium holder

serves as a member to provide a reference value of

reflectance of light for adjusting the input levels of the

light-emitting elements, it is not necessary to use an
additional member for the adjustment.
- According to another advantageous embochmcnt of

- the invention, the reading head comprises a body of a

45

 substantially sectorial transverse cross sectional shape,
having an arcuate surface corresponding to an arc of a

circle, and two substantially flat surfaces which cooper-
ate with the arcuate surface to define a sector of the

 circle in transverse cross section of the body. The body

50

has a pair of radial protrusions which extend along
opposite ends of the arcuate surface parallel to a center-

line of the circle. Each of the radial protrusions has a

~ plurality of grooves formed in a circumferential direc-

35

tion of the body. The first ends of the light-emitting and
light-receiving optical fibers are accommodated and
fixed in the grooves in one of the radial protrusions, and
second ends of the optical fibers opposite to the first

ends are accommodated and fixed in the grooves in the

- other of the radial protrusions. The reading head fur-

60

65

o ~ head, and which has a surface having a predetermined

ther comprises a covering member covering the light-

~ emitting and light-receiving ﬁptlcal fibers and the arcu-
ate surface of the body.

In the above embodiment, the readmg head may be

‘manufactured economically and easily assembled with-

out damage to the optical fibers. Stated in more detail,
the light-emitting and light-receiving fibers may be
easily installed on the body of the reading head, in the
following manner. The body having a substantially
sectorial transverse cross sectional shape is first in-

- stalled in a recess formed in a jig, so that the arcuate
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surface of the sectorial body cooperates with the cir-
cumferential surface of the jig to define a circumferen-
tial surface of a cylinder. To attach the optical fibers, an
optical fiber is wound on this cylinder during its rota-
tion, in such manner that the portions of the optical fiber
are accommodated in the grooves formed in the radial
protrusions. After the portions of the optical fiber in the
grooves are fixed therein by suitable means, the coil of
the optical fiber wound on the cylinder is cut between

the circumferential ends of the sectorial body and the
corresponding circumferential ends of the jig, along the

two radial protrusions. Finally, the body is removed
from the jig. Thus, the light-emitting and light-receiv-
ing optical fibers are attached to the arcuate surface of
the body. In addition, the covering member protects the
attached optical fibers against damage during assembly
of the body with other parts of the reading head.

In one preferred arrangement of the above embodi-
ment, each of the grooves has a guide portion which is
open in a top surface of the radial protrusion. The guide
portion is formed such that its width as measured along
the radial protrusion decreases in a direction from the
top surface toward a bottom of the groove.

In another preferred arrangement of the above em-
bodiment, the at least one light-emitting element and the
at ieast one light-sensitive element are fixed on a single
printed wiring board which 1s positioned relative to the
body of the reading head such that the at least one
“light-emitting element and the at least one light-sensi-
“tive element are located adjacent to the second ends of

the light-emitting and light-receiving optical fibers
- which are fixed in the grooves in the one of the radial
- protrusions.
- In the above arrangement, a shielding plate may be
provided between the body of the reading head and the
printed wiring board. The shielding plate has a plurality
- of apertures formed therethrough to accommodate the
at least one light-emitting element and the at least one
" -According to the invention, there is also provided a
‘reading head for an optical reader for photoelectrically
"‘readmg images on a surface of a recording medium,
comprising: (a) at least one light-emitting element; (b) at
least one light-sensitive element; (c) a plurality of light-
emitting optical fibers having first ends opposite to the
surface of the recording medium, and second ends op-
posite to the at least one light-emitting element, for
transmitting beams of light from the at least one light-
emitting element to emit the beams of light toward the
- surface of the medium; (d) a plurality of light-receiving
optical fibers having first ends located adjacent to the
first ends of the respective light-emitting optical fibers,
and second ends opposite to the at least one light-sensi-
tive element, for transmitting the light beams reflected
from the medium surface to the at least one light-sensi-
tive element; (e) a body of a substantially sectorial trans-
verse cross sectional shape which is obtained by cutting
a cylindrical blank in two planes which include an axis
of the blank, the body having an acuate surface corre-
sponding to an arc of a circumference of the cylindrical
blank, the body having a pair of radial protrusions
which extend along opposite ends of the arcuate surface
parallel to a centerline of the circle, each of the radial
protrusions having a plurality of grooves formed in a
circumferential direction of the body, the first ends of
“the light-emitting and light-receiving optical fibers
being accommodated and fixed in the grooves in one of
the radial protrusions, and second ends of the optical
fibers opposite to the first ends being accommodated
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and fixed in the grooves in the other of the radial pro-
trusions; and (f) a covering member covering the light-
emitting and light-receiving optical fibers and the arcu-
ate surface of the body.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects, features and advantages
of the present invention will be better understood from
reading the following detailed description of preferred

embodiments of the invention, when considered in con-
nection with the accompanying drawing, in which:

FIG. 1 is a perspective view of an input/output de-
vice incorporating one embodiment of an optical reader
of the present invention;

FIG. 2 1s an elevational view in cross section of the
input/output device of FIG. I;

FIG. 3 is a schematic front elevational view of a
reading head of the optical reader, and a thermal print
head disposed on the reading head;

FIG. 4 1s an exploded view in perspective of the
reading head;

FIGS. 5A and 5B are connected schematic block’
diagram--showing a control system for the optical
reader;

F1G. 6 is an illustration showing image-reading por-
tions of the reading head, indicating a pitch between the
adjacent image-reading portions;

FIG. 7 1s a view showing reading spots in relation to
illumination and reflection spots of the image-reading
portions;

FIG. 8 1s a graph showing a relation between calibra-
tion data Gn and an output level of an amplifier of the
reading head;

FIG. 9 1s a flow chart showing a routine for adjusting
an amount of light to be emitted by a light-emitting
element;

FI1G. 10 is an illustration indicating an image reading
operation of the reading head;

FIG. 11 is a perspective view showing a method of
fixing optical fibers on a body of the reading head;

FIG. 12 is a right end view of a body of the reading
head;

FIG. 13 1s a fragmentary plan view, showing first
ends of the optical fibers fixed on the head body;

FIG. 14 is a fragmentary view in cross section taken
along line M—M of FIG. 12;

FIG. 15 1s a fragmentary view in cross section taken
along line N—N of FIG. 12;

FIG. 16 1s an illustration of a modified embodiment of
the invention, showing a minimum pitch between the
adjacent lmage-readmg portions; and

FIG. 17 1s a view showing another modified embodl-
ment of the invention wherein the image-reading por-
tions are disposed along a line of movement of a record-
ing medium.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIGS. 1 and 2, there is shown an
input/output device which incorporates one embodi-
ment of an optical reader of this invention having an
optical reading head, and which comprises a print head
supported on the reading head.

‘The input/output device has a right and a left frame
1ag, 1b, as shown in FIG. 1. These frames 1a, 1) rotat-
ably support a platen 2 in the form of a roller. As shown
in FIG. 2, a paper feed roller 3 is disposed beneath the
platen 2. Behind the platen 2 is a paper roll 4 which



| - - and the guide rollers 11, to detect the paper 42 and the
. sheet 8. The feed roller 3, the feed rollers 6, and the feed -

9

serves as a paper supply to provide a continuous strip of

heat-sensitive paper 4a on which printing is effected.

- The paper 4a i1s directed toward the nip between the
~ platen 2 and the paper feed roller 3, while the paper 4a
~is guided along an inlet path which is defined by two
- guide plates 5S¢, 5b, and a pair of feed rollers 6, 6 dis-
- posed between the guide plate 5a and the roll 4. The

. paper 4a is fed from the roll 4 and its leading end 1is

guided by the guide plates 5a, 5b so that the paper 4a 1s

~ fed along a portion of the circumference of the platen 2
~ while being gripped by the platen 2 and the feed roller

Another paper guide platé 7 is disposed over the pair
of feed rollers 6, 6, to support and guide a sheet of paper

8 which carries images to be read by the instant optical
- reader. The sheet 8 is fed toward the nip of the platen 2
- and the feed roller 3, while the sheet 8 is guided by the
~guide plate 7, and the above-indicated two guide plates .-

- 8a, 5b. To sense the paper 4a and the sheet 8, a photoe-

- lectric detector 9 is provided between the guide plates

~ 5a and 5b. Above the platen 2, there is disposed a paper
- holder 10 which is made of a material suitable to give its

4,652.743
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| between the reading head 15 and the thermal print head

- The thermal print head 16 has a plurality of heat-
generating elements 18 which are spaced apart along

the platen 2 at the same pitch as the image-reading
portions Dij of the reading head 15, as indicated in FIG.

3. The heat-generating elements 18 are adapted to

10
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surface_a predetermined value of reflectance of light,

~ for example, formed of a metal sheet such as a stainless

steel sheet. This paper holder 10 functions to adjust an

' " amount of light to be emitted from light-emitting ele-
- . ments (which will be described). Above the paper
-~ holder 10, three pairs of feed rollers 11 are provided to

RE o -+ guide the paper 4a and the sheet 8. Another photoelec-

tric detector 12 is disposed between the paper holder 10

- rollers 11 are connected to and driven by independent
- roller drives 3, 6a and 11a (FIG. 5), respectively. With

~ the feed rollers 3, 6, 11 rotated by the respective drives
~ 3a, 6a, 11a, the paper 4a and the sheet 8 are fed in the

direction corresponding to the operatmg dlrectmn of

" - each roller drive 3q, 64, 11a.

The frames 1a and 1b support a reading head 15 for

~_photoelectrically reading images on the sheet 8. The
;. reading head 15 extends parallel] to the platen 2, so as to

235
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o . cover the width of the sheet 8. To provide a suitable
 clearance between 1mage-reading portions Dij (which

will be described referring to FIG. 6) of the reading
head 15 and the paper holder 10, the reading head 15 is

~_ provided with a tab 37 extendmg from its surface facing

B | ‘the paper holder 10.

As described later i in greater detall the readmg head

15 has many sets of light-emitting optical fibers Tij (i=1
ton, j=1 to 5) and corresponding sets of light-receiving

- optical fibers Rij (i=1 to n, j=1 to 5). Each set of the
~light-emitting and light-receiving optical fibers consists

. of five fibers as indicated in FIG. 4. These optical fibers

- Tij and Rij are fixed on the reading head 15, as de-

- scribed later in detail, such that their first ends are posi-

- tioned opposite to the surface of the sheet 8, and such
- that the first ends of the light-emitting optical fibers Tij

are located adjacent to the first ends of the correspond—_

- ing hght-receiving optical fibers Rij, as indicated in
‘FIG. 3. The first end of each light-emitting optical fiber

contact the heat-sensitive paper 4a supported by the

platen 2, to effect thermal printing on the paper 4a. :
Referring back to FIGS. 1 and 2, the reading head 15
has a bracket 19 attached to its lower right end portion.
The bracket 19 has an arm 194, and a cam follower 1956
which is used to move the reading head 15 along the
paper holder 10 (along the platen 2) in a reciprocating

manner, as described later in detail. The reading head 15

1s biased toward the right frame 1a by a spring 20 which
1s connected between the arm 19q of the bracket 19 and
the right frame 1a.

The right frame 1a rotatably supports a shaft 22 to
which a cam 21 is secured. With a biasing force of the

spring 20, the cam 21 is held in pressed ro]llng contact

with the cam follower 195. The shaft 22 is rotated by a
head reciprocating motor 23, through a first gear 25
mounted on the shaft 22 for simultaneous rotation there-
with, and a second gear 24 which is mounted on an

. output shaft of the motor 23 and which meshes with the

first gear 25. A rotary movement of the shaft 22 is de-
tected by an encoder 26 which comprises a rotary disk

- 26a mounted on the shaft 22, and a light-emitting ele-

ment and a light-sensitive element which constitute a
photoelectric sensor. This photoelectric sensor, which
is well known in the art, is disposed in the proximity of

- the rotary disk 26a. The rotary disk 26a has a plurality
of slits which are formed in spaced-apart relation with

each other in the circumferential direction of the disk.
The photoelectric sensor of the encoder 26 produces a
timing signal when each of the slits in the rotary disk

26a passes the photoelectric sensor during rotation of

the rotary disk 264, i.e., of the cam 21. The timing signal

‘i1s applied to a central processing unit 30 (hereinafter

referred to as “CPU 30”) of a microcomputer 29 which
will be described referring to FIG. 5. With the head

- reciprocating motor 23 driven under the control of the

45

CPU 30 via a motor driver circuit 27, the second gear
24 on the output shaft of the motor 23 is rotated,

- whereby the first gear 25 meshing with the second gear

50

33

~ be moved in the reverse direction, that is, to the right
toward the right frame 1a, by the biasing force of the

Tij and the first end of the corresponding light-emitting N

optical Rij cooperate to constitute the image-reading

- portion Djj (FIG. 6) indicated above. The image-read-
- ing portions Dij are spaced apart along the platen 2ata
- predetermined pitch P which will be described in detail.

On the surface of the reading head 15 on the side of
the platen 2, a thermal print head 16 is mounted with

- screws, such that a heat radiator plate 17 is sandwiched

24 is rotated to rotate the shaft 22. Thus, the cam 21 and

- the rotary disk 26a are rotated. A rotary motion of the
~cam 21 engaging the cam follower 1956 will cause the

cam follower 195 to be pushed toward the left frame 1b.
As a result, the reading head 15§ is moved against a
biasing force of the spring 20, in the same direction from
the right frame 1a toward the left frame 15. After the
cam 21 has been rotated through a given angle, the
leftward movement of the reading head 1S5 is stopped.
Subsequently, the cam 21 allows the reading head 15 to

spring 20. During rotation of the cam 21, the encoder 26
detects an angular displacement of the rotary disk 26a

and consequently of the cam 21, thereby detecting the

position of the reading head 15. Namely, the encoder 26

~ apphies to the CPU 30 timing signals upon which the
| reading head 15 effects a reading operation. The read-
65

ing head 15 and the thermal print head 16 are connected
to the microcomputer 29 through flexible cables 134

- and 16a, respectively, which extend from the lower

parts of the heads 15, 16, as shown in FIGS. 1 and 2.
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Referring next to FIGS. 4 and §, the construction of
the reading head 15 will be described in detail.

The reading head 15 comprises: a body 36 which
provides a support for the previously indicated hight-
emitting optical fibers Tij and light-receiving optical
fibers Rij; a shielding plate 38 disposed below the body
36; a printed wiring board 40 disposed below the shield-
ing plate 38; a bottom casing 42 accommodating the
bottom portion of the body 36, the shielding plate 38
and the printed wiring board 40; and a covering mem-
ber 44 which covers the assembly of the reading head
13.

The body 36 is made of a synthetic resin such as
polycabonate, containing glass fibers. The body 36 has a
generally sectorial shape, more precisely, a substantially
quadrant shape in transverse cross sectton. The body 36
has a substantially arcuate surface 46, and two substan-
tially flat surfaces 48, 50 which intersect each other at
right angles and cooperate with the arcuate surface 46
to define a sector, more precisely, a quadrant in cross
section. The arcuate surface 46 has a first and a second
integrally formed radial protrusion 52, 54 at its circum-
ferentially opposite ends, which protrusions 52, 54 ex-
tend parallel to the platen 2, 1.e., parallel to the axis of
the body 36. The first radial protrusion 52 has many sets

of grooves 56 formed in the circumferential direction of

the arcuate surface 46, that 1s, perpendicularly to the
. axis of the body 36. Each set of grooves 56 consists of
- grooves corresponding to each set of the optical fibers
. Tij, Rij. These grooves 56 are spaced from each other
.-along the first radial protrusion 52, at a pitch equal to
‘the pitch of the image-reading portions D1j of the read-
-ing head 15. As described later, the first ends of each
pair of light-emitting and light-receiving optical fibers
Tij and Rij which constitute each image-reading por-
“tion D1j are accommodated and fixed in the correspond-
~1mg one of the grooves 52, so that the image-reading
portion S1 1s positioned opposite to the surface of the
.sheet 8. _
-+ In the meantime, the second radial protruston 32 has

- <many sets of grooves 38 each set consisting of five

grooves 58, and further has many grooves 60. These
grooves 58 and 60 are formed perpendicularly to the
length of the second radial protrusion 52, and are
spaced from each other at a suitable pitch. As described
later in detail, the second end of each light-emitting
optical fiber Tij is accommodated and fixed in the corre-
sponding groove 58, while the second ends of each set

of the five light-receiving optical fibers Rij are all ac-

commodated and fixed in the corresponding groove 60.

Thus, as shown in FIG. 4, the five light-emitting
optical fibers T1j of each set extend on the arcuate sur-
face 46 parallel to each other, between the first and
second radial protrusions 52 and 54 to which the first
and second ends of the fibers T1) are fixed as indicated
above. On the other hand, the five light-receiving opti-
cal fibers Rij, whose first ends are fixed together with
the first ends of the corresponding light-emitting optical
fibers Tij, extend on the arcuate surface 46 toward the
corresponding one of the grooves 60 which is located
on one side of the corresponding set of the five grooves
58.

The shielding plate 38 has a plurality of pins 62 pro-
truding from its opposite surfaces toward the body 36
and the printed wiring board 40. The body 36 has pin
holes 64 in its bottom surface, and the printed wiring
board 40 has pin holes 66 in its upper surface. The body
36, shielding plate 38 and printed wiring board 40 are
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fixed to each other with the pins 62 engaging the pin
holes 64 and 66. At the front end of the upper surface of
the printed wiring board 40, there are mounted many
light-sensitive elements Pi (i=1 to 5) in the form of
photo-transistors. The light-sensitive elements Pi are
disposed in spaced-apart relation in the direction of
length of the printed wiring board 40, such that the
elements Pi are aligned with the corresponding grooves
60 in which are positioned the second ends of the light-
receiving optical fibers Rij. Further, many sets of light-
emitting elements Lij in the form of light emitting di-
odes are disposed on the upper surface of the printed
wiring board 40, such that the elements L1j are aligned
with the second ends of the corresponding light-emit-
ting optical fibers Tij which are positioned in the
grooves 38.

The shielding plate 38 has many sets of first apertures
68 aligned with the light-emitting elements Lij, and
many second apertures 70 aligned with the light-sensi-
tive elements Pi. These first and second apertures 68
and 70 are formed through the thickness of the shielding
plate 38, to accommodate the light-emitting elements
Lij and the light-sensitive elements Pi respectively.
Beams of light emitted from the light-emitting elements
Lij are transmitied through the first apertures 68 and
through the light-emitting optical fibers Tij, and the
transmitted light beams are emitted from the first ends
of the fibers Tij toward the surface of the sheet 8 to
irradiate corresponding illumination spots Ta (FIG. 7)
on the sheet 8. The light beams reflected by correspond-
ing reflection spots Ra (FIG. 7) on the sheet 8 are re-
ceived by the light-receiving optical fibers Rij and
transmitted therethrough to the corresponding light-
sensitive elements P1 through the second apertures 70.
Each of the light-sensitive elements Pi produces an
electric signal representative of a reflectance of light in
an overlapping spot (Si) in which the illumination and
reflection spots Ta and Ra of the same image-reading
portion Dij overlap each other. That 1s, the electric
signal represents an amount of light received by the
light-sensitive element Pi. The light-emitting elements
Lij and the light-sensitive elements P1 are accommo-
dated within the first and second apertures ¢8 and 70,
respectively, in such manner as to prevent leakage of
the light beams from the elements Lij, and to prevent
the light-sensitive elements Pi1 from receiving light
beams other than the beams from the light-recetving
optical fibers Rij.

The shilding plate 38 further has a central elongate
rectangular opening 72 which accommodates many
amplifiers A1 mounted on the upper surface of the
printed wiring board 40. The amplifiers Ai amplify the
electric signals generated from the light-sensitive ele-
ments Pi.

As previously indicated, the bottom portion of the
body 46, and the shileding plate 38 and the wiring board
40 are housed in the bottom casing 42. In the meantime,
the covering member 44 is bonded to the arcuate sur-
face 46 of the body 36, so as to cover the optical fiber
T1j and Rij.

Referring next 10 FIGS. 6 and 7, the arrangement of
the image-reading portions Dij will be described. As
previously indicated, the first ends of each pair of the
corresponding light-emitting and light-receiving optical
fibers Tij and Rjj form each image-reading portion Da;.
Apparently, each pair of the optical fibers Tij and Rij
constitutes a reading unit having the image-reading
portion Dij. In this connection, 1t is noted that *“1” fol-
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~ lowing characters T, R, L and D indicates the numbers
“n” of the individual sets or groups of the optical fibers

Tnj, Rnj, light-emitting elements Lnj or image-reading

6623

portions Dnj, while *j” following *“i” indicates the num-
bers “n” of the indlwdual optical fibers Tin, Rin, ele-

| ments Lm- or image-reading portions Din of each set or_
- group. |

Each of the Optlcal fibers Tij, Rij is made of acrylic

- "resm, and a diameter r (1/N) of 0.125 mm. The first end

- of each optical fiber Tij, Rij has an angle a of radiation

~ orincidence of light of 60 degrees. In this case, the light

beam emitted from the first end of the optical fiber Tij

irradiates the circular illumination spot Ta indicated in
‘broken line in FIG. 7. In the meantime, the first end of

~_ the corresponding light-receiving optical fiber Rij re-
~ceives the light beam which is reflected from the circu-

lar reflection spot Ra indicated in broken line in the
~ same figure. The illumination and reflection spots Ta
and Ra overlap each other in an overlapping spot (Si)
which corresponds to a reading spot Si on the sheet 8,
~ which is read by the image-reading portion Dij. A dis-
tance | between the surface of the sheet 8 and the tip of
the image-reading portion Dij may be selected within a
range of 0.1-0.5 mm. In the illustrated optical reader,
the distance 1 is set at 0.1 mm.
- In order that reading spots Si on the sheet 8 are read
by the image-reading portions Dij while the reading

= +head 15 is moved at a constant speed along the platen 2,
SRR the image-reading portions Dij should be spaced from

- =+ each other at a pitch p (spacing between the adjacent
. - portions Dij) which satisfies the following formula (1):

- p=a/N—1/xN W

' -where, |
-~ a: number of the overlappmg spots (S1) which 1s

formed by each mage—readmg portion Dij while
the reading head 15 is moved its predetermined

3
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g= 2)(0 12542 X 0.1 X tan 30°=0.364 (mm)

Since the pitch p of the .1mage-readmg portions Dij of
the illustrated embodiment is 0.475 mm which is greater
than the value q calculated according to the above

formula (2), the light beam emitted from any optical
fiber Tin will not be received by the optical fiber

Ri(n+1) or Ri(n—1).
Referring back to FIG. 5, the electric signal pro-
duced from each light-sensitive element Pi is received

" by the corresponding amplifier Ai, and an output of the
amplifier A1 i1s applied to an input of a corresponding
- comparator Ci (i: 1 to 5) incorporated in the microcom-

puter 29. The comparators Ci serve as judging means
for determining whether the brightness or light reflec-
tance of a reading spot on the sheet 8 is above or below

 a predetermined reference level. To effect this determi-

20

25

“nation, a reference signal is applied to another input of

each comparator Ci.-An output of each comparator Ci
is fed to the CPU 30 within the microcomputer 29.
When the output signal from the amplifier Ai is higher
than a reference value of the reference signal, the com-

parator Ci produces a high-level signal. Similarly, the

comparator Ci produces a low-level signal when the
received signal from the amplifier is lower than the

~ reference value.

The. CPU 30 1s connected to a random-access mem-

~ ory 31 (hereinafter referred to as “RAM 31) and a read- '

30

only memory 32 (hereinafter referred to as “ROM 32”).

‘To the CPU 30, there are connected: a diginal/analog

converter 33 (D/A converter 33) within the microcom-

puter 29; the head reciprocating motor 23 via the motor
driver circuit 27; the photoelectric detectors 9, 12; and

- the roller drives 3q, 62, 11a. The RAM 31 is adapted to

33

- stroke along the platen 2 (along the second axis)

0 1/N: size of the overlapping or reading spot Si as

-~ - measured along the second axis (N=number of the

- overlapping spots (S1i) per unit distance

x: number of the light-receiving optical fibers Rl_]
‘connected to each light-sensitive element Pi

By substituting the above-indicated values for a, N

L and x in the above formula (1), the pitch p is obtained as:

 p=4x0.125-0.125X 1/5=0.475 (mm)

. In the present embodiment, therefore, the pitch p at
which the image-reading portions Dij are spaced along

 the platen 2 (along the second axis) is set at 0.475 mm.

store the output signals of the comparators Ci, effective
~ quantitative data for controlling amounts of light to be

emitted by the light-emitting elements Iij, and other |

information.

~ The ROM 32 stores a program (to execute a routine
shown in FIG. 9) for controlling the amounts of hight to

. be emitted by the light-emitting elements Lij, calibra-

45

“tion guantitative data G (indicated in FIG. 8) represen-
tative of different levels of an input to the light-emitting

elements Lij, a program for controlling the motor

driver circuit 27, a program for controlling a demuiti-

plexer 34 (which will be described), and other data.
-The CPU 30 controls the operation of the optical

 reader according to the programs and data stored in the

30

On the other hand, the pitch p should be greater than

a value q obtained from the formula (2) indicated below,
“in order to prevent the illumination spot Ta of a given
- image-reading portion Din from overlapping the reflec-

~ tion spot Ra of the adjacent image-reading portion

55

RAM 31 and the ROM 32. Th CPU 30 applies to the
D/A converter 33 the calibration quantitative data G to
adjust the input level of the individual light-emitting
elements Lij. Thus, the CPU 30 serves as means for
adjusting the amount of light to be emitted by each

ligth-emitting element Lij, that is, as means for adjusting

the output level of the light-emitting elements Lij. In

- response to the calibration quantitative data G from the

Di(n-+ 1) or Di(n— 1), for example, to prevent the light-

- receiving optical fiber R11 of the image-reading portion
D11 from receiving a light beam which is emitted from

the light-emitting optical fiber T12 of the adjacent im-
. age-readmg portlon Dl2 | | |

g=2r+2htan (a/2) ' )

By substltutmg the actual values for 1,1 and a in the
formula (2) the value q is obtained as:

CPU 30, the D/A converter 33 converts a diginal signal
of the received quantitative data G into a proportional
analog signal, and applies the analog signal to the de-
multiplexer 34 within the microcomputer 29. |
Under the control of the CPU 30, the demultiplexer

- 34 applies the output of the D/A converter 33 to the

65

selected one of the control circuits Gij which corre-
sponds to the light-emitting element Lij whose output is
to be adjusted or calibrated. These control circuits Gij
are also provided in the microcomputer 29. Each con-
trol circuit Gij controls the corresponding light-emit-

ting element Lij to enable the same to emit an amount of
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light corresponding to the output signal of the D/A

converter 33.

Before the reading head 15 starts reading images on
the sheet 8, the amounts of light to be emitted by the
light-emitting elements L1j are adjusted according to
the control program and the calibration guantitative
data stored in the ROM 32. Initially, the CPU 30 checks
according to the signals from the photoelectric detec-
tors 9, 12, to see if the sheet 8 is not present on the paper
holder 10. That is, if the signals of both detectors 9, 12
indicate absence of the sheet 8, the CPU 30 judges that
the sheet 8 1s not present on the paper holder 10, and
then proceeds with executing steps S1-S7 of a control
routine of FIG. 9 the program of which 1s stored in the
ROM 32. | _ |

Described more specifically, the CPU 30 executes
step S1 in which the CPU 30 controls the demultiplexer
34 so as to permit the output signal of the D/A con-
verter 33 to be applied to the first control circuit G11.
Then, the CPU 30 goes to step S2 to apply first calibra-
tion quantitative data G1 to the D/A converter 33. The
D/A converter 33 converts the received guantitative
data G1 into a corresponding analog signal, which is
applied to the control circuit G11 via the demultiplexer
34. As a result, the corresponding light-emitting ele-
ment L.11 emits an amount of light corresponding to its
input level determined by the quantitative data G1. The

light beam from the element L.11 is transmitted through
_-the corresponding light-emitting optical fiber T11 to the

-surface of the paper holder 10. As previously described,
the paper holder 10 has a predetermined reflectance of
.light. The light beam reflected by the paper holder 10 is
received by the corresponding light-receiving optical
fiber R11, and transmitted to the corresponding light-
sensitive element Pi. Consequently, the light-sensitive
element Pi generates an output signal, which is then
amplified by the corresponding amplifier A1. The out-

- zput of the amplifier A1 is V1 as indicated in FIG. 8. The

~output V1 of the amplifier Al is applied to the corre-
- :sponding comparator C1, and compared with the refer-

‘ence signal. Then, in step S3, the comparator C1 applies
to the CPU 30 a high-level or low-level output signal,
depending upon the level of the output signal V1 from
the amplifier Al. Step S3 is followed by step S$4 in
which the CPU 30 checks, based on the level of the
output signal V1 of the comparator C1, to see if the
output level of the comparator C1 is low or high, i.e., if
the output V1 of the amplifier A1 is lower than the
reference value or not. If the checking in step S4 is
affirmative (YES), the CPU 30 executes step S5 to
apply next calibration quantitative data G2 to the D/A
converter 33. Step S5 is followed by step S3 and step
S4. In this instance, the output of the amplifier A1is V2,
and the corresponding output of the comparator C1 is
applied to the CPU 30 (83). If the CPU 30 judges that
- the output V2 of the amplifier A1 is still lower than the
reference value (S4), the CPU 30 again updates the
calibration data Gn, namely, applies the next data G3 o
the D/A converter 33 (S5). In the same way, the cali-
bration quantitative data Gn to be applied to the D/A
converter 33 i1s increased until the output level of the
comparator C1 becomes high. If the checking in step S4
reveals that the output of the comparator C1 (amplifier
A1l) 1s higher than the reference value, the CPU 30 goes
to step S6 in which the CPU 30 judges that the calibra-
tion quantitative data Gn which is currently applied to
the D/A converter 33 is suitable for the light-emitting
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16
element 1.11, and stores that data Gn in the RAM 31, as
effective quantitative data Gn.

Step S6 1s followed by step S7 in which the CPU 30
controls the demultiplexer 34 to permit the output of the
D/A converter 33 to be applied to the next control
circuit G12 for the next light-emitting element L.12. In
the same way as described in connection with the light-
emitting element 11, the CPU 30 stores in the RAM 31

the calibration guantitative data Gn which is applied to
the D/A converter 33 when the comparator C1 pro-
duces a high-level output signal.

The CPU 30 repeats the same steps S2-S7 to store in
the RAM 31 sets of effective quantitative data Gn
which are suitable for all of the light-emitting elements
Lij.

The operation of the reading head 15 of the optical
reader constructed as described hitherto will be de-
scribed referring to FIGS. 1, § and 10, in particular to
FIG. 10. In FIG. 10, the image-reading portions Dij are
indicated by circles which are equal in size to numbered
circles which indicate the reading spots Si on the sheet
8.

Initially, the CPU 30 activates the motor driver cir-
cuit 27 to apply a suitable drive signal to the head recip-
rocating motor 23, whereby the motor 23 is operated in
a predetermined direction. As a result, the cam 21 is
rotated 1n the corresponding direction, via the first and
second gears 25, 24. With the cam 21 thus rotated, the
reading head 15 is moved along the paper holder 10, by
means of pressed rolling contact of the cam follower
195 with the periphery of the cam 21. In the meantime,
a first timing signal is produced by the encoder 26, and
1s applied to the CPU 30. In response to this timing
signal, the individual 1mage-reading portions Dij are
positioned relative to the reading spots Si, as indicated
at (a) in FIG. 10. That is, the image-reading portions
D11 are concurrently alinged with the respective read-
ing spots Si which are indicated by the hatched circles.
(In this example, “1” 1n Si is equal to 19 m+1, where
m=0, 1, 2,...) At (a) in FIG. 10, only the image-read-
ing portions D11 and D21 are indicated as being aligned
with the corresponding reading spots Si. In this condi-
tion, the CPU 30 applies to the D/A converter 33 the
predetermined effective quantitative data. This data is
applied to the corresponding control circuit Gil
through the demultiplexer 34. Consequently, the light-
emitting elements Lil corresponding to the image-read-
ing portions Dil are activated simultaneously.

Consequently, beams of light from the light-emitting
elements Lil are transmitted through the corresponding
light-emitting optical fibers Til, and emitted from the
first ends of the optical fibers Tn1 to irradiate the corre-
sponding reading spots Si. The light beams reflected
from the reading spots Si are received by the corre-
sponding light-receiving elements Ril, and transmitted
therethrough to the corresponding light-sensitive ele-
ments Pi. The light-sensitive elements Pi apply to the
amplifiers Ai electric signals corresponding to the re-
ceived amounts of light. The electric signals are ampli-
fied by the amplifiers Ai, and applied to the compara-
tors Ci, for comparation with a threshold value Vth. If
the level of the signal is higher than the threshold level
Vth, each comparator Ci applies a high-level signal to
the CPU 30. If the signal level is lower than the level
Vth, a low-level signal is applied to the CPU 30 from
the comparator Ci. In this manner, the CPU 30 receives
high- or low-level signals from the comparators Ci,
which indicate the results of reading of images in the



17 .
reading spots Si. This set of reading data of the image-
reading portions Dnl is stored in the RAM 31.

Then, a second timing signal is generated from the
encoder 26, and the reading head 15 is positioned for
alignment of the image-reading portions Di2 with the
corresponding reading spots Si (i=19m+35, where
m={0_0, 1, 2,...)indicated at (b) in FIG. 10 in which only

- .one reading spot Si (1=35) i1s indicated by the hatched
- circle. In this condition, the CPU 30 activates concur-
rently the light-emitting elements Li2 correspondmg to

. “the image-reading portions Di2.

In the same manner as previously described, the CPU |
30 stores in the RAM 31 a set of reading data obtained

by activation of the light-emitting elements Li2, which

¢ reading data are determined depending upon the
amounts of light received by the light-sensitive elements

-~ Pi. That is, the reading data represent the output levels

‘of the comparators Ci when the light-emitting elements

L12 are activated.
Thus, as shown in F IG. 10 and as indicated in the

: following table, the different groups of the image-read-
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gituddinal cutout 86 removably accommodates the
body 46 such that the surfaces 88, 90 contact the sur-

~ faces 48, 50 of the body 46, as shown in FIGS. 11 and

12, and such that a circumferential surface 91 of the jig

- 84 cooperates with the arcuate surface 46 of the body 46

to form the circumferential surface of the cylinder 82.
The cylinder 82 1s supported so that it is rotatable in one

| ~ direction about a drive shaft 92.

10

15

20

ing portions Dij are alinged with the appropriate read-

- 1Ing spots Si and activated to read the reading spots Si, 1n
~ timed relation with the timing signals which are gener-

. ated while the readmg head 15 1S movcd in the same
L dlrectlon | | |
Image-Reading | |
Portions Dij | -Rcadmg spots St Refer to FIG. 10
Dil i= 19m + 1 at (a)
Di2 1= 19m + 5 at (b)
Di3 i=19m +9 at (c)
Di4 - i=19m 4 13 at {d)
- Di§ 1= 19m 4 17 at (e)
. Dil i = 19m + 2 at (f)
- D12 i=19m+ 6 at (g)
1= 19m 4 10 .

Di3  at(h)

m = 0 to n (integer)-

"/ The above-described reading operations are effected

" while the reading head 15.is moved from left to right (in

- FIG. 10) with the cam 21 rotated a half turn. During
- this half turn of the cam 21, an entire line of images on
- the sheet 8 is read by the reading head 15. During the

next half turn of the cam 21, the sheet 8 is fed by a

- distance equal to a line spacing, by the paper feed rollers
3, 11, while the reading head 15 is returned to its origi-

nal start position. Then, the next reading cycle for the

- next line 1s carried out in the same way as described
‘above.

- In the present embndunent the pltch of the heat-

o generating elements 18 of the thermal print head 18 is

~ equal to the pitch p of the image-reading portions Dij of
33

 the reading head 15. Therefore, the printing by the

thermal prmt head 18 may be effected in the same man-
ner as the image reading by the reading head 15.

25

~ As indicated in FIGS. 13 and 14, the previously de- '
scribed grooves 56 formed i1n the first protrusion 52

have a width sufficient to accommodate the first ends of

~ the pair of corresponding fibers Tij, Rij, side by side,

1.e., each groove 56 has a width substantially equal to a

 diameter of the optical fiber 80 multiplied by two. In the

meantime, the previously described grooves 58 formed
in the second radial protrusion 54 have a width suffi-
cient to accommodate the diameter of the optical fiber
80 (T, Ry) as indicated in FIG. 15. Further, the
grooves 60 also formed in the second protrusion 54
have a width sufficient to accommodate the diameter of
the optical fiber 80 multiplied by three, and a depth
sufficient to accommodate the diameter of the fiber 80
multiplied by two. Namely, each of the grooves 60 15~
dimensioned to permit the second ends of the light-

- receiving optical fibers Rij to be arranged in two rows,

three in the bottom row and two in the top row, as

indicated in FIG. 15.

" 30

40
~_protrusion §2, so as to extend parallel to the protrusion

The grooves 56, 58 and 60 have gmde portions de-
fined by tapered surfaces 94, 96 and 98, respectively, as -
indicated in FIG. 15. These guide portions 94, 96, 98 are

“open in the top surface of the radial protrusions 52, 54,
so that the width of the guide portions decreased from
the top surface of the protrusions toward the bottom of
‘the grooves 56, 58, 60. The guide portions 94, 96, 98

facilitate the positioning of the optical fiber 80 into the
grooves 56, 58, 60 when the optical fiber 80 is wound on

the cylinder 82.
The body 36 has the previously indicated tab 37
Wthh is formed on its surface 48, near the first radial

52. This tab 37 is adapted to contact the surface of the

- sheet 8, in order to maintain a suitable clearance be-

45

50

‘tween the tips of the optical fibers Tij, Rij and the sSur-

face of the sheet 8.
To wind the optlcal fiber 80 on the cy]mder 82 of

'..FIG 11 for securing the optical fibers Tij and Rij on the

arcuate surface 46 of the body 36 of the reading head 15,
the body 36 is first fixed in the cutout 86 of the jig 84.
The leading end of the optical fiber 80 is fixed to the jig

84, and the cylinder 82 is rotated by the drive shaft 92in
~ the direction indicated by arrow in FIG. 11, while at the

same time the optical fiber 80 is supplied continuously

~ through a guide 100. As the cylinder 82 is rotated, the

- Referring next to FIGS. 11-15, there will be de-
" scribed in detail a method of fixing the light-emitting

o and light-receiving optical fibers Tij and Rij on the

o body 36 of the reading head 15, and the arrangement of

 surfaces 88, 90 perpendicular to each other. The lon-

- the body 36 for accommodating and fixing the first and
- second ends of the optical fibers Tij and Rij. |

The optical fibers Tij and Rij are installed by Willding

- anoptical fiber 80 on a cylinder 82 which consists of the
- body 36 and a jig 84, as shown in FIG. 11. The jig 84 has

a longitudinal cutout 86 which is defined by two flat

&) :

guide 100 is reciprocated along the axis of the drive |
shaft 92, so that the optical fiber 80 is wound on the

cylinder 82, that is, on the circumferential surface 91 of

the jig 84 and the arcuate surface 46 of the body 36. In
this process, the portions of the optical fiber 80 passing
the first and second radial protrusions 52, 54 are accom-
modated in the grooves 56, 58, 60, as shown in FIGS. 14

“and 15. -
| Subsequently, the portions of the optical ﬁber 80

~ accommodated in the grooves 56, 58, 60 are fixed with

65

masses 102 of a suitable adhesive agent, as shown In
-FIGS. 14 and 15. In the next step, the optical fiber 80 is
~cut at the circumferential ends of the circumferential

surface 91 of the jig 84, along the first and second radial
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protrusions 52, 54. More particularly, the jig 84 has
relief portions 104 and 106 on the surfaces 86 and 88,
respectively. These relief portions 104, 106 cooperate
with the surfaces 48, 50 of the body 36 to define wedged
gaps along the first and second radial protrusions $2, 54.
In cutting the optical fiber 80, a cutter is moved into
these wedged gaps. Since the dimension of the wedged
gaps 1n the circumferential direction of the cylinder 82
1s selected to be very small, the optical fiber 80 will not
be damaged when it 1s cut.

Then, the body 36 is removed from the jig 84. Thus,
the light-emitting optical fibers Tij, and the light-receiv-
ing optical fibers Rij are installed in position on the
arcuate surface 46 of the body 36.

The previously indicated covering member 24 1s
bonded to the arcuate surface 46 of the body 36, so as to
protect the optical fibers Tij and Rij against damage
during grinding of the end faces of their first and second
ends which protrude a small distance from the surfaces
48 and 50. The covering member 24 also protects the
optical fibers T1) and Rij against damage during assem-
bling of the body 36, shielding plate 38, printed wiring
board 40 and the bottom casing 42.

While the present invention has been described in its
preferred embodiment, it is to be understood that the
invention 1s not confined to the arrangement of the

illustrated embodiment, but may be otherwise embod-
ied.

- Por example, although the each set of the optical

fibers Tij and Rij consists of five fibers Tij and five
fibers Rij, it is possible to change the number of the
fibers Tij, Rij of each set.

Further, the pitch of the image-reading portions Dij
may be suitably selected, preferably so that the pitch
satisfies the previously indicated formula (1), and pref-
erably so that the pitch is larger than the value “q”
obtained from the formula (2).

In the illustrated embodiment, the first ends of the
corresponding optical fibers Tij and Rij constituting

each image-reading portion Dij are disposed in the di-
rection in which the image-reading portions Dij are

spaced from each other (along the platen 2 or the sec-

ond axis). However, it is possible that the first ends of
the fibers Tij and Rij are disposed side by side on any

10

15

20

25

30

35

straight line as long as the image-reading portions Dij or 45

the overlapping spots (Si) are disposed along a straight
line parallel to the line of movement of the reading head
15. For instance, the first ends of the corresponding
light-emitting and light-receiving optical fibers Tij and
T1j of each image-reading portion Dij may be disposed
on a straight line perpendicular to the straight line
(platen 2) along which the image-reading portions Dij
are disposed, as indicted in FIG. 16. In this modified
arrangement of the optical fibers Tij, Rij, a pitch p
between the adjacent image-reading portions Dij
should be greater than a value q which is determined by
the following formula (3):

(3)
g=VNT[r+ 2 tan (@2 — R

where,
r: diameter of the optical fibers Tij and Rijj
1: distance between the first ends of the fibers to the
surface of the sheet 8
~ a: angle of radiation or incidence of the fibers
While the cam follower 195 is held by the spring 20 in
pressed rolling contact with the circumferential surface

30

335
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of the cam 21, the cam follower 196 may be adapted to
fit in a cam groove so that the cam follower 196 is
reciprocated in the direction parallel to the platen 2
while the cam follower 194 is in sliding contact with the
surfaces which define the cam groove.

Although the reading head 15 1s continuously moved
at a constant rate to read the reading spots Si as de-
scribed referring to FI1G. 10, it is possible that the read-
ing operation is performed while the reading head 15 is
moved along the platen 2 1n an intermittent manner.

Further, it is possibie that the image-reading portions
Dij of the reading head 15 are disposed along the line of
movements of the sheet 8, i.e., along a straight line
perpendicular to the line of movement of the reading
head 135, as indicated in FIG. 17 (werein only the image-
reading portions D11, D12 and D13 are indicted). In
this case, the image-reading portions Dij are spaced
from each other by a distance which is a multiple of the
size of the reading spots Si. In operation, the reading
head 15 is moved along the platen 2 continuously or
intermittently, so that each image-reading portion Dij 1s
moved horizontally (as indicated by arrows in FIG. 17),
for example, at a pitch equal to the size of the reading
spots Si, as indicated by circles in thick solid line. After
the reading head 15 has been moved its predetermined
stroke, the sheet 8 is fed in the direction across the
platen 2, to position each image-reading portion Dij at
the next row of the reading spots Si (indicated by circles
in thin solid Iine) as indicated at (a) in FIG. 17. Then,
the reading head 15 is moved again along the platen 2 to
read that row of the reading spots Si. At the end of the
movement of the reading head 15, the sheet 8 is again
fed as’indicated at (b) in FIG. 17, to position the image-
reading portions Dij at the next row of the reading spots
S1 (indicated by circles in broken line). Subsequently,
this row of the reading spots Si 1s read while the reading
head 15 i1s moved in the same manner as described
above. After all of the horizontal rows of the reading
spots Si between the adjacent image-reading portions
D1ij have been read, the sheet 8 is fed across the platen
2 as indicated at (¢) in FIG. 17, to position the reading
head 15 at the next group of rows of the reading spots
Si. Thus, the principle of the present invention may be
practiced even when the image-reading portions Dij are
disposed along a straight line perpendicular to the line
of movement of the reading head 15.

Other changes, modifications and improvements may
be made 1n the invention to those skilled in the art,
within the scope of the present invention defined in the
appended claims. '

What is claimed is:

1. An optical reader for photoelectrically reading
images on a surface of a recording medium, comprising:

a medium support for supporting said recording me-

dium;

a reading head including (a) at least one light-emitting

element, (b) at least one light-sensitive element, (c)
a plurality of light-emitting optical fibers for trans-
mitting beams of light form said at least one light-
emitting element to emit said beams of light from
their first ends to irradiate corresponding illumina-
tion spots on the surface of said recording medium,
each of said first ends having a predetermined
angle of radiation of light, and (d) a plurality of
light-receiving optical fibers having first ends lo-
cated adjacent to said first ends of the respective
light-emitting optical fibers, said first ends of the
light-receiving optical fibers having a predeter-



 moving said recording medium along a first axis, and a

© o plurality of image-reading portions bemg spaced apart
i from each other along said second . axis. |
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mined angle of incidence of light and receiving the
beams of light reflected from corresponding reflec-
tion spots on the surface of said recording medium,

- said light-receiving optical fibers transmitting the
reflected light beams to said at least one light-sensi- 35
tive element, said light-emitting optical fibers and

 said light-receiving optical fibers cooperating to

~ constitute a plurality of reading units, and said first
- ends of the light-emitting and light-receiving opti- -

~cal fibers cooperating to constitute a plurality of 10

. image-reading portions, said at least one light-sensi-

- - tive element producing an electric signal represen-
- tative of a reflectance of light in an overlapping
~  spot in which the illumination spot of each of said
reading units overlaps the reflection spot of the 15
- same reading unit, said image-reading portions of
- said reading units being spaced apart from each
other along a straight line at a predetermined pitch
- sufficient to prevent the illumination spot of one of
said reading units from overlapping the reflection 20
spot of the readlng unit adjacent to said one reading
unit;

- driving means for moving said reading head and sald
 recording medium relative to each other to move
~ said overlapping spot along said straight line so
 that a substantially entire area along said straight
- line on said recording medlum is covered by said
© overlapping spot; and

st control means for controlling said at least one light-
| 30

emitting element and said at least one light-sensi-
tive element, to read each of reading spots on said

recordlng medium each time said overlapping spot

- is aligned with one of said reading spots.
2. An ooptical reader accordmg to claim 1, wherein
saJd driving means comprises a first feeding device for

- second feeding device for moving said reading head
--along a second axis perpendicular to said one axis, said

3. An optical reader according to claim 2, wherein

ARE the first ends of the light-emitting and light-receiving
L optical' fibers of each of said reading units are disposed
~ in a direction parallel to said second axis along, said
 predetermined pitch of said image-reading portions of 45

the reading head being selected to be greater than a
value q determined by the followmg formula:

o g=2r+2i~tan(t1/2)

where, |
" r: diameter of said hght-ennttmg and lxght-recewmg
optical fibers |
- I: distance between the first ends of said optical fibers
- and the surface of said recording medium
- a: said angle of radiation or incidence of light of said
- first ends of the optical fibers.
4. An optical reader according to claim 2, wherein

55

 the first ends of the light-emitting and light-receiving |
~optical fibers of each of said reading units are in a direc- 60
~ tion parallel to said first axis, said predetermined pitch

- of said image-reading portions of the reading head being

~ selected to be greater than a value g detemnned by the

' _ following formula

g = \l [r + 21.tan (a/2))? — r

25

35

&
- said second feeding device comprises:
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where, |
r: diameter of said hght-emlttlng and light-receiving

optical fibers

- l: distance between the first ends of said optical fibers

and the surface of said recording medium

- a: said angle of radiation or incidence of light of said '

first ends of the optical fibers.
- 5. An optical reader according to claim 2 wherein

| sald second feeding device moves said reading head at a

constant rate over at least a predetermined distance

along said second axis, said at least one light-emitting

element consisting of a plurality of light-emitting ele-
ments which are positioned opposite to second ends of

the corresponding light-emitting optical fibers which

have said first ends opposite to the surface of the re-
- cording medium, said at least one light-sensitive ele-

ment consisting of a single light-sensitive element which
is positioned opposite to second ends of all of said light-
receiving optical fibers which have said first ends oppo-
site to the surface of the recording medium, said prede-
termined pitch of said image-reading portions of said
reading head bemg determmed by the following for-
mula: |

p=a/N—1/xN

where, |
" a: number of said overlappmg spots which is formed
by each image-reading portion while the reading
- head is moved over said predetermined distance
- 1/N: size of said overlapping spot along said second
- axis (N=number of sald overlappmg spots per unit
-~ distance) | |
- X: number of the llght-recewmg Optlca.‘l fibers oppo-
~ site to said single light-sensitive element, |

“one of said image-reading portions of the 'raadlng o

head reading one of said reading spots sequentially
each time said readlng head 1s moved by a distance

- of 1/xN.
- 6. An optical reader according to claim 5, wherein

| sald reading head comprises a plurality of groups of said

reading units each unit having said single light-sensitive
element opposite to said second ends of said light-
receiving optical fibers, said groups of reading units

| being disposed along said second axis, the correspond-
~ing image-reading portions of said groups of reading

units reading the respective reading spots each time said

reading head is moved by said distance of 1/xN.

7. An optical reading accordmg to claim 5, wherein

a carrier supporting said reading head and movable
~ along said second axis; |
“a cam rotatably supported by a stationary member
~ a drive motor for rotating said cam;

a cam follower attached to said carrier and movable

“with the carrier; and |

said cam having a profile which enables said carrier

to effect reciprocating motions including a motion
of said predetermined distance at said constant rate.

8. An optical reader accordmg to clmm 71, wherein

said control means comprises:

a rotary disk rotatable with said cam and having a
plurality of slits which are formed in spaced-apart
relation with each other in a circumferential direc-
tion of the rotary disk; and

a photoelectric sensor disposed in the proximity of

~said rotary disk and producing a timing signal
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when each of said slits passes said photoelectric
sensor during rotation of said rotary disk,

said control means controlling the operations of said
plurality of light-emitting elements and said single
light-emitting element, 1n response to said timing
signal.

9. An optical reader according to claim 8, wherein

said control means activates selectively said plurality of

light-emitting elements to emit the beams of light when
the 1image-reading portions of the corresponding read-
ing units are positioned opposite to the respective read-
ing spots on the recording medium, said control means
holding said single light-sensitive element in its opera-
tive position.

10. An optical reading according to claim 1, wherein
said reading head comprises:

a body of a substantially sectorial transverse cross

“sectional shape, having an arcuate surface corre-
sponding to an arc of a circle, and two substantially
flat surfaces which cooperate with said arcuate
surface to define a sector of said circle in transverse
cross section of said body;

said body having a pair of radial protrusions which

extend along opposite ends of said arcuate surface
parallel to a centerline of said circle, each of said
radial protrusions having a plurality of grooves
formed in a circumferential direction of said body,
said first ends of said light-emitting and light-
receiving optical fibers being accommodated and
fixed in said grooves in one of said radial protru-
- sions, and second ends of the optical fibers opposite
to said first ends being accommodated and fixed in
said grooves in the other of said radial protrusions,
and

a covering member covering said light-emitting and

light-receiving optical fibers and said arcuate sur-

face of said body.
~ 11. An optical reader according to claim 10, wherein
~:each of said grooves has a guide portion which is open
“1n a top surface of the radial protrusion, a width of said
-~‘guide portion is measured along the radial protrusion
decreasing in a direction from said top surface toward a
bottom of said groove.

12. An optical reader according to claim 10, wherein
said at least one light-emitting element and said at least
one light-sensitive element are fixed on a single printed
wiring board which is positioned relative to said body
of the reading head such that said at least one light-emit-
ting element and said at least one light-sensitive element
are located adjacent to said second ends of said light-
emitting and light-receiving optical fibers which are
fixed in said grooves in said one of the radial protru-
sions.

13. An optical reader according to claim 12, wherein
a shielding plate is provided between said body of the
reading head and said printed wiring board, said shield-
ing plate having a plurality of apertures formed there-
through to accommodate said at least one light-emitting
element and said at least one light-sensitive element,
said shielding plate preventing leakage of said beams of
light from said at least one light-emitting element, and
preventing said at least one light-sensitive element from
receiving light beams other than said reflected light
beams transmitted through said light-receiving optical
fibers. ‘

14. An optical reader according to claim 2, wherein
said at least one light-emitting element consists of a
plurality of light-emitting elements which are posi-
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tioned opposite to second ends of the corresponding
hght-emitting optical fibers which have said first ends
opposite to the surface of said recording medium, said
medium support comprising a paper holder which has a
length along said second axis, sufficient to cover all of
said image-reading portions of said reading head, and
which has a surface having a predetermined reflectance
of light, and wherein said control means comprises:

a control circuit for selectively activating said light-
emitting elements and controlling an amount of the
hght beams emitted by said light-emitting elements;

first commanding means for storing plural sets of
quantitative data representative of different input
levels of each of said light-emitting elements, said
first commanding means applying said sets of quan-
titative data one after another to said control cir-
cuit;

judging means for detecting a variation in an output
level of said at least one light-sensitive element, due
to change in the iput level of said each light-emit-
ting element, and for determining whether said
output level of said at least one light-sensitive ele-
ment has reached a predetermined reference value;

memory means for storing the quantitative data of
said each light-emitting element which is applied to
satd control circuit when said output level of the
corresponding light-sensitive element has reached
said reference value; and

second commanding means for applying the quantita-
tive data stored in said memory means, to said
control circuit to activate said each light-emitting
element based on the stored quantitative data, upon
reading of the reading spots.

15. An optical reader according to claim 14, wherein

said paper holder is made of a metallic material.

16. An optical reader for photoelectrically reading

images on a surface of a recording medium, comprising:

a medium support for supporting said recording me-
dium;

a reading head including (a) a plurality of light-emit-
ting elements, (b) a light-sensitive element, (c) a
plurality of light-emitting optical fibers having first
ends opposite to the surface of the recording me-
dium, and second ends opposite to said hght-emit-
ting elements, respectively, said hight-emitting opti-
cal fibers transmitting beams of light from said
light-emitting elements to emit said beams of light
from said first ends to irradiate corresponding il-
lumination spots on the surface of said recording
medium, each of said first ends having a predeter-
mined angle of radiation of light, and (d) a plurality
of light-receiving optical fibers having first ends
located adjacent to said first ends of the respective
light-emitting optical fibers, and second ends posi-
tioned opposite to said light-sensitive element, said
first ends of the light-receiving optical fibers hav-
ing a predetermined angle of incidence of hight and
receiving the beams of light reflected from corre-
sponding reflection spots on the surface of said
recording medium, said light-receiving optical fi-
bers transmitting the reflected light beams to said
light-sensitive element, said light-emitting optical
fibers and said light-receiving optical fibers cooper-
ating to constitute a plurality of reading units, and
sald first ends of the light-emitting and light-receiv-
ing optical fibers cooperating to constitute a plural-
ity of image-reading portions, said light-sensitive
element producing an electric signal representative
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_of a reflectance of llght in an overlapping spot in
which the illumination spot of each of said reading
units overlaps the reflection spot of the same read-
ing unit; and |

a first feedmg device for mowng said recording me- 5
- dium along one axis;

- asecond feeding device for movmg said reading head

along a second axis perpendicular to said one axis,
-at a constant rate over at least a predetermined
. distance;

- control means for controlllng said light-emitting ele-
~ment and said light-sensttive element, to read each
‘of reading spots on said recording medium each

time said overlapping spot is aligned with one of
said reading spots, while said overlapping spot is 15
moved along said second axis during movement of
. said reading head at said constant rate,
sald plurality of image-reading portions being spaced
“apart from each other along said second axis at a

10

pitch which is determined by the following for- 20

mula:

pma/N— 1/xN . .

~ where,
- a: number of said overlapping spots which is
- formed by each image-reading portion while the
reading head is moved over said predetermmed
distance |
1/N: size of said overlappmg spot along said sec-
~ond axis (N=number of said overlapping spots
- per unit distance) -
x: number of the light-receiving optical fibers op-
posite to said single hght-sensnwe element,
one of said image-reading portions of the reading
head reading one of said rcadmg spots sequentially
each time said reading head is moved by a distance
~of 1/xN. | |
-17. A reading head for an optlcal reader for photo-

" electrically reading images on a. surface of a recording 40 -
Fagd ..fmedmm, comprising:

- at least one light-emitting element;

~ at least one light-sensitive element |

a plurality of light-emitting optical fibers having ﬁrst
ends opposite to the surface of the recording me- 45
dium, and second ends opposite to said at least one
light-emitting element, for transmitting beams of
“light from said at least one light-emitting element
to emit said beams of light toward the surface Of
the medium;

- a plurahty of llght—rccewmg optical fibers having first

ends located adjacent to said first ends of the re-

spective light-emitting optical fibers, and second

ends opposite to said at least one light-sensitive

element, for transmitting the light beams reflected

from the medium surface to said at least one light-

.. sensitive element;
a body of a substantlally sectonal transverse cross
- sectional shape which is obtained by cutting a cy-

30

- lindrical blank in two planes which include an axis

- of the blank, said body having an arcuate surface

corresponding to an arc of a circumference of said

. cylindrical blank, said body having a pair of radial

- protrusions which extend along opposite ends of

- said arcuate surface parallel to a centerline of said ¢s
circle, each of said radial protrusmns having a
plurality of grooves formed in a circumferential
direction of said body, said first ends of said light-

14,652,743

25
30

35

33

| 26 o |
emitting and light-receiving optical fibers being
accommodated and fixed in said grooves in one of
said radial protrusions, and second ends of the
optical fibers opposite to said first ends being ac-
commodated and fixed in said grooves in the other

- of saxd radial pratrusxons and |

~ a covering member covering said light-emitting and

light-receiving optical ﬁbers and said arcuate sur-
face of said body.

18. An optical reader for photoelectrically reading |

images on a surface of a recording medium, comprising:
- a reading head including (a) a plurality of light-emit-
ting elements; (b) at least one light-sensitive ele-
ment; (c) a plurality of light-emitting optical fibers

- having first ends opposite to the surface of said

recording medium, said light-emitting optical fibers

transmitting beams of light from the respective
light-emitting elements to emit said beams of light
from said first ends thereof toward the surface of
the medium; (d) a plurality of light-receiving opti-
cal fibers having first ends located adjacent to said
first ends of the respective light-emitting optical
- fibers, said light-receiving optical fibers transmit-
ting the light beams reflected from the surface of
said recording medium to the respective light-emit-
- ting elements, said first ends of said light-emitting
and light-receiving optical fibers cooperating to
-constitute a plurality of image-reading portions
which are spaced apart from each other along a
- straight line; | |
~-a medium holder for supportmg sa.ld recording me-

 dium, said medium holder having a length along

said straight line, sufficient to cover all of said
- image-reading portions of said reading head, and
- which has a surface having a predetcrmmed reflec-
~ tance of hght; and | -
- a first feeding device for moving said recordmg me-
dium along an axis perpendlcular to said stralght
-~ line; |
‘a second feeding device for moving said readmg head
along a second axis parallel to said straight line;

" a control circuit for selectively activating said light- .
~ emitting elements and controlling an amount of the

light beams emitted by said light-emitting elements;
- first commanding means for storing plural sets of
- quantitative data representative of different input
levels of each of said light-emitting elements, said
first commanding means applying said sets of quan- |
titative data one after another to said control cir-
cuit; |
_]udglng means for detecting a variation in an output
“level of said at least one light-sensitive element, due
to change in said input level of said each light-emit-
~ ting element, and for determining whether said
- output level of said at least one light-sensitive ele-
- ment has reached a predetermined reference value;
- memory means for storing the quantitative data of
~ said each light-emitting element which is applied to
- said control circuit when said output level of the
~corresponding light-sensitive element has reached
-said reference value; and
second commanding means for applying the quantita-
tive data stored in said memory means, to said
control circuit to activate said each light-emitting
“element based on the stored quantltatwe data, upon

reading of the reading 3pots
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